Purpose To evaluate circumpapillary retinal nerve fiber layer (cpRNFL) and ganglion cell complex (GCC) after ocular blunt trauma. Methods Best-corrected visual acuity (BCVA), cpRNFL and GCC were evaluated by RTVue-100 OCT in all consecutive patients with previous monocular blunt trauma seen between January 2012 and December 2012. Results Twenty-two patients (11 females, 11 males, mean age 43.9±14.2 years) were included in the study. Patients were seen after a mean of 8.42 ± 13.3 (range, 0.08-55.3) years from ocular blunt trauma. BCVA was normal in 11 cases and was less than 0.4 LogMAR in all cases. In 9/22 patients (40.9%), cpRNFL and GCC were reduced, whereas in one case an isolated reduction of GCC with normal cpRNFL was present. In patients with reduction of cpRNFL and GCC, mean BCVA was 0.17 ± 0.17 LogMAR. In 6/9 patients (66.6%) with cpRNFL and GCC reduction, BCVA was r0.1 LogMAR. Conclusion cpRNFL and GCC reduction may be present after ocular blunt trauma and may be associated with preserved visual acuity.
Introduction
Optical coherence tomography (OCT) allows to objectively evaluate structural damage in vivo and has been used to assess damage to the circumpapillary retinal nerve fiber layer (cpRNFL) and to the ganglion cell complex (GCC). [1] [2] [3] GCC includes the RNFL, retinal ganglion cell layer, and inner plexiform layer. 2 Axonal loss after traumatic optic neuropathy (TON) has been shown through the use of OCT or scanning laser polarimetry. [4] [5] [6] Recently, reduction of cpRNFL thickness and GCC has been found after unilateral TON. 7 
Materials and methods
All consecutive patients seen at the Eye Department of the University Federico II of Naples between January 2012 and December 2012 with a history positive for monocular blunt trauma were included in this cross-sectional study. The study protocol was approved by the institutional review board of Federico II University and adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from each subject after explanation of the study. Inclusion criteria were a history of direct or indirect monocular ocular blunt trauma, according to previous charts reporting slit lamp examination and dilated fundus examination, without any intraocular disease and any blowout orbital or optic canal fracture, and intraocular pressure (IOP) r21 mm Hg. Exclusion criteria were presence of significant lens opacities or other media opacity as well any macular disease and actual or previous glaucoma therapies or suspect for low-tension glaucoma.
All patients underwent complete ophthalmic examination, including best-corrected visual acuity (BCVA) using standard Early Treatment of Diabetic Retinopathy Study (ETDRS, LogMAR), color fundus photography, stereophotographs of the optic disc, IOP measurement by applanation tonometry, and automatic perimetry (Humphrey Field Analyzer; Carl Zeiss Meditec, Dublin, CA, USA).
GCC and cpRNFL thickness were evaluated by RTVue-100 OCT (Optovue Inc., Fremont, CA, USA; software version 4.0.5.39). RTVue-100 OCT acquires 26 000 axial scans (a-scans) per second and has a 5-mm depth resolution (full-width half-maximum) in tissue. The optic nerve head map protocol was applied to evaluate the cpRNFL. This protocol generates a cpRNFL thickness map on the basis of measurements obtained along a circle 3.45 mm in diameter centered on the optic disc. The GCC protocol was used to determine the GCC and macular thickness. Only high-quality images, as defined by a signal strength index more than 30, were accepted. The photographers rejected scans with motion artifacts (discontinuous jump). The GCC thickness was measured from the internal limiting membrane to the outer boundary of the inner plexiform layer. After examination a significance map with normative database comparison for GCC thickness was obtained using the device software. In both the study eyes and the contralateral eyes, the means of cpRNFL and GCC thickness were averaged over seven examinations, and contralateral eyes were used as controls. The ratio of the affected eye measurement to the contralateral eye measurement was evaluated at each session.
Statistical analysis was performed using the Statistical Package for Social Sciences (version 17.0, SPSS Inc., Chicago, IL, USA). Wilcoxon-signed rank test was used to compare study eyes and contralateral control eyes. Repeated measures ANOVA was used to compare intragroup differences. Results were considered significant if the P-value was o0.05.
Results
Twenty-two patients (11 females, 11 males, mean age 43.9±14.2 years) were included in the study. Characteristics of the 22 patients are resumed in Table 1 . Patients were seen after a mean of 8.42±13.3 (range, 0.08-55.3) years from ocular blunt trauma. In one case, trauma had occurred 1 month before our visit. In 10 cases, ocular blunt trauma occurred between 6 months and 1 year before our visit. Mean BCVA at examination was 0.07 ± 0.13 LogMAR. BCVA was 0 LogMAR in 12 cases, 0.04 LogMAR in 3 cases, 0.1 LogMAR in 4 cases and 0.4 LogMAR in 3 cases. IOP was r21 mm Hg in all eyes. Vertical cup/disc ratio was o0.5 in all eyes. Relative afferent pupillary defect, commotio retinae and optic atrophy at first examination were never observed.
In 9/22 patients (40.9%), both GCC and cpRNFL in the study eyes were reduced when compared with Figure 1 and Table 2 ). Only in one case with normal BCVA, an isolated reduction of GCC with normal cpRNFL thickness was present 1 month after trauma, and progressed during the following 2 months. Afterwards, 4 months after trauma, stabilization was observed ( Figure 2 ). In this case, no perimetric abnormalities were detected during follow-up. In patients with reduction of cpRNFL and GCC, mean BCVA was 0.17 ± 0.17 LogMAR. In 6/9 patients (66.6%) with cpRNFL and GCC reduction, BCVA was r0.1 LogMAR. BCVA was 0.4 LogMAR in 3/9 cases (33.3%) with reduction of both cpRNFL and GCC, after 15, 0.5, and 55 years from trauma ( Figure 3 ). Of the 9 eyes with cpRNFL and GCC reduction, cpRNFL was reduced in the superotemporal quadrant in three cases, in the superonasal quadrant in one case, in the nasal quadrant in one case, in the temporal quadrant in two cases, in the inferotemporal quadrant in two cases. The interval from trauma was significantly longer in patients with cpRNFL and GCC reduction (18.6±15.9 vs 1.5±2.8 years, Po0.001). In 5/9 eyes with cpRNFL and GCC reduction, diffuse non-glaucomatous perimetric defects were present, and in 3 of them BCVA was 0.4 LogMAR. In each case, distribution of cpRNFL reduction did not correspond exactly to distribution of visual field (VF) loss. In 4/9 eyes with cpRNFL and GCC reduction, no perimetric abnormality was found.
Discussion
In this retrospective observational study, we evaluated cpRNFL and GCC in patients who had undergone ocular blunt trauma. Of the 22 eyes with a history of ocular blunt trauma, 19 eyes (86.3%) showed good visual acuity. cpRNFL and GCC thinning when compared with contralateral eye was present in 9/22 eyes (40.9%).
Of them, six eyes (66.6%) showed preserved visual acuity, whereas moderate visual impairment was present in three eyes. Further to cpRNFL, the RTVue OCT device allows to evaluating GCC thickness, reflecting structural changes in the inner retina, including the retinal ganglion Ganglion cell complex and RNFL after blunt trauma G Cennamo et al cells. Post-traumatic reduction of cpRNFL and GCC may follow traumatic glaucoma, TON and optic tract syndrome. Traumatic glaucoma may develop following damage to the aqueous drainage system or angle recession. In our study, both IOP and optic nerve head were normal in all patients, therefore traumatic glaucoma was excluded as a cause of cpRNFL and GCC reduction. Previous studies evaluated reductions in cpRNFL thickness after TON. TON determines severe visual impairment in association with heavy reduction of both cpRNFL and GCC. Three studies using scanning laser polarimetry reported that cpRNFL thickness did not decrease within 2 weeks after injury. [4] [5] [6] Cunha et al 8 showed that cpRNFL thickness started to decrease 2 weeks after injury. Kanamori et al 7 showed progressive thinning of cpRNFL and GCC after TON using RTVue-100 OCT in four patients with severe visual loss after a maximum follow-up of 9 months. cpRNFL and GCC thickness started to decrease at 2 weeks after trauma and plateaued at 20 weeks. Macular thickness also started to significantly decrease at 4 weeks after injury, which was in agreement with previous studies. 8, 9 The time course of the reduction in GCC thickness was similar to that observed for the cpRNFL. Therefore, the losses of retinal ganglion cells and related axons likely continue at similar rates as axonal injury. In all reported studies, severe visual impairment (r1.3LogMAR) was present. In our series, visual impairment was not severe, although cpRNFL and GCC reduction was present. Only in one case, an isolated progressive GCC reduction with normal cpRNFL was present during first 3 months after trauma and stabilized thereafter. An ischemic insult to GCC may likely determine isolated GCC reduction with none or postponed cpRNFL reduction. Although in two cases seen 30 and 55 years after trauma, we cannot totally exclude a spontaneous or post-treatment improvement of TON as old data were not available, in the majority of cases (20/22, 91%) no data about TON were present in the clinical history and (in recent patients) at clinical examination. In our series, reduction of cpRNFL was localized in the superior and inferior quadrants, as well as in the nasal and temporal quadrants. Compression in the chiasmal region leads to significant reduction of the superior and inferior cpRNFL, 10, 11 and visual acuity may be preserved when temporal macular fibers are not damaged. Nasal and temporal cpRNFL reduction may follow optic tract syndrome, in which visual acuity may be preserved, and TON, which is characterized by severely decreased visual acuity and relative afferent pupillary defect. 7, 12 According to our results, cpRNFL and GCC reduction in absence of severe visual loss could reflect a retrograde damage following chiasmic compression with sparing of temporal fibers or optic tract syndrome. Post-traumatic macular discoloration has been related to an outer retinal segment disruption rather than to the presence of an intraretinal edema, because there is no histological evidence for fluid accumulation in acute traumatic maculopathy. 13, 14 In a recent study by Saleh et al 15 , 6-month follow-up after trauma has shown no thinning of the cpRNFL, while an overall hyperreflectivity of the external retinal layers was present at SD-OCT examination. The blood supply from the nerve fiber layer to the external aspect of the inner nuclear layer is provided by the retinal vessels, the remainder of the retina is dependent on the choroidal circulation. Branches from the central retinal vessels dive deep into the retina forming two distinct capillary beds, one in the ganglion cell layer (superficial capillary plexus) and the other in the inner nuclear layer (deep capillary plexus). Blunt trauma determines a sudden increase of the IOP and consequent compression of the retinal vessels may happen, leading to focal ischemic damage to the superficial capillary plexus or both capillary beds and possible sufferance of the cpRNFL and GCC. According to our results, cpRNFL and GCC thinning with moderate or absent visual impairment could be related to a macular circulatory disturbance. In 5/9 eyes with cpRNFL and GCC reduction, non-glaucomatous diffuse sensitivity reduction at automatic perimetry was present, and in 3 cases was associated with visual impairment. A disagreement between distribution of RNFL reduction and that of VF loss was present in each of the five cases. On the other hand, in 4/9 eyes with cpRNFL and GCC reduction and in one eye with GCC reduction and normal cpRNFL, no perimetric abnormality and good visual acuity were found. This likely suggests that fibers loss and VF defects do not show an exact correlation maybe due to the necessity for a minimum expected fiber loss before VF loss occurs, as already stated in previous studies. 16 
